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APPARATUS, METHOD, AND SYSTEM FOR 
MEASURING WATER ACTIVITY AND 

WEIGHT 

BACKGROUND 

The relationship between Water activity and moisture con 
tent at a given temperature may be referred to as a moisture 
sorption isotherm. Moisture sorption isotherms shoW the rela 
tionship betWeen Water activity and moisture content for a 
particular sample at a given temperature. For example, a 
graph of a moisture sorption isotherm may illustrate a rela 
tionship betWeen Water activity and moisture content by 
shoWing moisture content on a y-axis of the graph and Water 
activity on an x-axis of the graph. A moisture sorption iso 
therm may be used to estimate shelf-life of a food product. 
Moisture sorption isotherms may be particularly useful in 
developing neW food products, in characterizing ingredients, 
in determining packaging requirements for food products, 
and in various areas of research and development requiring a 
knowledge of the relationship betWeen Water activity and 
moisture content for a particular product at a given tempera 
ture. 

A traditional method for obtaining a moisture sorption 
isotherm may be to place a food sample, either dried (absorp 
tion), hydrated (desorption), or native (Working), into a con 
trolled humidity chamber at constant temperature. The next 
step may be measuring the Weight of the sample until the 
Weight reaches equilibrium. This process may need to be 
repeated numerous times to acquire enough data points to 
generate a useful isotherm. The entire process may take up to 
three Weeks. The large amount of time and labor that may be 
required to obtain an isotherm may be prohibitive for obtain 
ing isotherms in various instances. 

SUMMARY 

In certain embodiments, a measurement apparatus may 
comprise a chamber. The measurement apparatus may also 
comprise a sensor con?gured to measure Water activity of a 
sample in the chamber. The measurement apparatus may also 
comprise a moisture content adjustment device connected to 
the chamber and con?gured to change moisture content in the 
chamber. In at least one embodiment, a measurement appa 
ratus may comprise a Weighing device coupled to the cham 
ber. 

In at least one embodiment, a measurement apparatus may 
comprise an isotherm generation module con?gured to 
receive measurements from the sensor device and the Weigh 
ing device, the isotherm generation module being con?gured 
to generate an isotherm for a sample positioned in the cham 
ber. In at least an additional embodiment, an isotherm gen 
eration module may generate the isotherm by compiling a 
plurality of data points, each data point in the plurality of data 
points representing a measurement received from the sensor 
device and a measurement received from the Weighing 
device. 

According to various embodiments, the Weighing device 
may comprise a scale coupled to the chamber. According to at 
least an additional embodiment, the Weighing device may 
comprise a balance coupled to the chamber. In at least another 
embodiment, the balance may comprise a magnetic force 
balance. In certain embodiments, at least a portion of the 
Weighing device may be positioned Within the chamber. 

According to some embodiments, a fan may be positioned 
Within the chamber. In at least one embodiment, a heating 
element may be coupled to the chamber. In at least an addi 
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2 
tional embodiment, a cooling element may be coupled to the 
chamber. In certain embodiments, a heating element may be 
con?gured to heat gas supplied by the moisture content 
adjustment device. According to some embodiments, a cool 
ing element may be con?gured to cool gas supplied by the 
moisture content adjustment device. 

In at least one embodiment, a valve may be con?gured to 
control passage of air betWeen the chamber and a region 
external to the chamber. In some embodiments, the moisture 
content adjustment device may comprise a humidi?cation 
device. In certain embodiments, the moisture content adjust 
ment device may comprise a desiccation device. In various 
embodiments, the moisture content adjustment device may 
comprise a gas supply. According to certain embodiments, 
the moisture content adjustment device may comprise a pump 
con?gured to supply gas from the gas supply to the chamber. 

In various embodiments, the moisture content adjustment 
device may comprise a humidi?cation device. In certain 
embodiments, the moisture content adjustment device may 
comprise a desiccation device. In at least one embodiment, 
the moisture content adjustment device may comprise a valve 
con?gured to deliver gas from the pump to the humidi?cation 
device. In at least an additional embodiment, the moisture 
content adjustment device may comprise a valve con?gured 
to deliver gas from the pump to the desiccation device. 

According to certain embodiments, the sensor may com 
prise a Water activity sensor. In at least one embodiment, the 
sensor may comprise a humidity sensor. In at least an addi 
tional embodiment, the sensor may comprise a deW point 
sensor. In at least an additional embodiment, the sensor may 
comprise a freeZing point sensor. According to at least one 
embodiment, the sensor may comprise an optical sensor. 
According to various embodiments, the sensor may comprise 
a sensor adapted to detect spectral data. The sensor may 
comprise a chilled-mirror deW point sensor positioned Within 
the chamber. 
A method may comprise determining a ?rst Water activity 

measurement of a sample in a chamber during a ?rst time 
period. The method may also comprise determining a ?rst 
Weight of the sample in the chamber during the ?rst time 
period. The method may further comprise changing moisture 
content in the chamber during a second time period, the 
second time period being after the ?rst time period. In addi 
tion, the method may comprise determining a second Water 
activity measurement of the sample during a third time 
period, the third time period being after the second time 
period. The method may further comprise determining a sec 
ond Weight of the sample during the third time period. 

In at least one embodiment, a method may comprise chang 
ing the moisture content in the chamber during a fourth time 
period, the fourth time period being after the third time 
period. The method may also comprise determining a third 
Water activity measurement of the sample during a ?fth time 
period, the third time period being after the fourth time 
period. In addition, the method may comprise determining a 
third Weight of the sample during the ?fth time period. 

In at least an additional embodiment, the method may 
comprise preventing a change in moisture content in the 
chamber during the determination of the ?rst Water activity 
measurement of the sample in the chamber during the ?rst 
time period. The method may comprise preventing a change 
in moisture content in the chamber during the determination 
of the ?rst Weight of the sample in the chamber during the ?rst 
time period. 

In certain embodiments, the method may comprise heating 
the chamber to Within a speci?ed temperature range. In addi 
tion, the method may comprise cooling the chamber to Within 
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a speci?ed temperature range. The methodmay also comprise 
circulating air Within the chamber during determination of the 
?rst Water activity measurement of the sample in the chamber 
during the ?rst time period. The method may additionally 
comprise circulating air Within the chamber during determi 
nation of the second Water activity measurement of the 
sample in the chamber during the second time period. The 
method may further comprise determining the ?rst Water 
activity measurement of the sample at least substantially 
simultaneously With determining the ?rst Weight of the 
sample. Determining the ?rst Water activity measurement 
may be performed While the sample is positioned on a balance 
in the chamber. Additionally, changing the moisture content 
in the chamber may comprise adding moisture to the cham 
ber. In certain embodiments, changing the moisture content in 
the chamber may comprise removing moisture from the 
chamber. In addition, changing the moisture content in the 
chamber may comprise supplying a gas and vapor mixture to 
the chamber. 
A computer-implemented method for generating an iso 

therm may comprise determining a ?rst Water activity mea 
surement of a sample during a ?rst measuring period, the ?rst 
Water activity measurement being determined With a Water 
activity sensor. The method may also comprise determining a 
?rst Weight of the sample during the ?rst measuring period, 
the sample being positioned in a chamber during the ?rst 
measuring period. In addition, the method may comprise 
determining a ?rst isotherm data point based on the ?rst Water 
activity measurement of the sample and the ?rst Weight of the 
sample. 

According to certain embodiments, the method may com 
prise changing moisture content in the chamber after the ?rst 
measuring period and before a second measuring period. 
Changing the moisture content in the chamber may comprise 
adding moisture to the chamber. Changing the moisture con 
tent in the chamber may also comprise removing moisture 
from the chamber. The method may additionally comprise 
adding moisture content to the chamber after the ?rst mea 
suring period andbefore a second measuring period. Also, the 
method may comprise removing moisture content from the 
chamber after the second measuring period and before a third 
measuring period. Determining the ?rst Water activity mea 
surement of the sample may be performed at least substan 
tially simultaneously With determining the ?rst Weight of the 
sample. Determining the ?rst Water activity measurement 
may be performed While the sample is positioned on a balance 
in the chamber. The method may additionally comprise deter 
mining a hydration curve of an isotherm based on a plurality 
of Water activity measurements of the sample and a plurality 
of Weights of the sample. The plurality of Water activity 
measurements may comprise the ?rst Water activity measure 
ment. In addition, the plurality of Weights may comprise the 
?rst Weight. Each Water activity measurement in the plurality 
of Water activity measurements may be determined While the 
sample is in the chamber. Further, each Weight in the plurality 
of Weights may be determined While the sample is in the 
chamber. 

In various embodiments, an isotherm generator may com 
prise a chamber. In at least an additional embodiment, a 
sensor may be con?gured to measure Water activity of a 
sample in the chamber. In certain embodiments, a moisture 
content adjustment device may be connected to the chamber 
and con?gured to change moisture content in the chamber. 
According to at least another embodiment, a Weighing device 
may be coupled to the chamber and con?gured to Weigh the 
sample in the chamber. According to certain embodiments, an 
isotherm generation module may be con?gured to receive 
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4 
Water activity measurements from the sensor device and 
Weight measurements from the Weighing device, the isotherm 
generation module being con?gured to generate an isotherm 
for the sample, the isotherm being based on the Water activity 
measurements and the Weight measurements. The Weighing 
device may comprise a magnetic force balance. The sensor 
device may comprise a chilled-mirror deW point sensor. The 
sample may be a food product, a soil sample, a pharmaceuti 
cal product, a consumer product, or any other suitable type of 
sample. 
According to various embodiments, the isotherm generator 

may comprise a gas supply. The isotherm generator may 
additionally comprise a pump con?gured to pump gas from 
the gas supply to the chamber. The moisture content adjust 
ment device may comprise a humidi?cation device. The 
moisture content adjustment device may also comprise a 
desiccation device. The moisture content adjustment device 
may further comprise a valve con?gured to deliver gas from 
the pump to the humidi?cation device. The moisture content 
adjustment device may also comprise a valve con?gured to 
deliver gas from the pump to the humidi?cation device to the 
desiccation device. 

According to certain embodiments, the isotherm generator 
may comprise a heating device. The isotherm generator may 
also comprise a cooling device, the heating and cooling 
device being con?gured to control a temperature of the cham 
ber and sample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings illustrate a number of exem 
plary embodiments and are a part of the speci?cation. 
Together With the folloWing description, these draWings dem 
onstrate and explain various principles of the instant disclo 
sure. 

FIG. 1 is an illustration of an exemplary measuring appa 
ratus for measuring Water activity and Weight of a sample 
according to certain embodiments. 

FIG. 2 is an illustration of an exemplary chamber for mea 
suring a sample according to certain embodiments. 

FIG. 3A is an illustration of an exemplary moisture content 
adjustment device 30 according to certain embodiments. 

FIG. 3B is an illustration of an exemplary moisture content 
adjustment device 30 according to certain embodiments. 

FIG. 4 is an illustration of an exemplary measuring appa 
ratus for measuring Water activity and Weight of a sample 
according to certain embodiments. 

FIG. 5 is a perspective vieW of an exemplary measuring 
apparatus for measuring Water activity and Weight of a sample 
according to certain embodiments. 

FIG. 6 is a perspective vieW of an exemplary measuring 
apparatus for measuring Water activity and Weight of a sample 
according to certain embodiments. 

FIG. 7 is a graph of a moisture sorption isotherm generated 
using data obtained by an exemplary measuring apparatus for 
measuring Water activity and Weight of a sample. 

DETAILED DESCRIPTION 

Throughout the draWings, identical reference characters 
and descriptions indicate similar, but not necessarily identi 
cal, elements. While embodiments of the instant disclosure 
are susceptible to various modi?cations and alternative 
forms, speci?c embodiments have been shoWn by Way of 
example in the draWings and Will be described in detail 
herein. HoWever, one of skill in the art Will understand that 
embodiments of the instant disclosure are not intended to be 
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limited to the particular forms disclosed herein. Rather, the 
instant disclosure covers all modi?cations, equivalents, and 
alternatives falling Within the scope of embodiments de?ned 
by the appended claims. 

The instant disclosure presents various examples of mea 
suring apparatus for measuring Water activity and Weight of a 
sample. According to some embodiments, the measuring 
devices disclosed herein may e?iciently obtain measure 
ments of Water activity and Weight of a sample, enabling rapid 
generation of a moisture sorption isotherm. The measuring 
apparatus may also obtain a large number of measurements of 
Water activity of a sample and Weight of a sample, enabling 
rapid creation of a detailed isotherm. For example, in at least 
one exemplary embodiment, the measuring device may gen 
erate complete isotherms having more than 100 data-points 
Within a time period of approximately tWenty-four hours or 
less. The measuring device may also generate more or less 
than 100 data points. Additionally, in some embodiments, the 
measuring apparatus may be easily operated because Water 
activity and Weight measurements for the isotherm may be 
obtained from a single sample positioned inside the chamber 
of the measuring apparatus. 

FIG. 1 shoWs a measuring apparatus 20 Which may mea 
sure Water activity and Weight of a sample. According to 
various embodiments, the measuring apparatus 20 may be 
used to obtain multiple measurements of Water activity and 
Weight of a sample to generate a moisture sorption isotherm. 

Water activity measurements may serve several useful pur 
poses. Water activity may be measured in plants, soils, and 
foods, as Well as other product samples. Most commonly, 
Water activity may be measured With respect to food products. 
Water activity or Water potential may be measured in food 
products to determine or predict food stability With respect to 
physical properties, rates of deteriorative reactions, and/or 
microbial groWth. Water activity may be a primary factor that 
determines shelf life of food products. Several other factors, 
such as temperature and pH, can in?uence the groWth of 
organisms in food products. Among the factors that affect 
organism groWth in food products, Water activity may be the 
most important. 

Water activity may be indicative of the energy required to 
remove a small amount of Water from the sample. Water 
activity may be represented as a ratio betWeen the vapor 
pressure of the sample When the sample is in balance With the 
surrounding air media, and the vapor pressure of distilled 
Water under identical conditions. A Water activity measure 
ment of 0.80 may indicate that the vapor pressure of the 
sample is eighty percent of the vapor pressure of pure Water at 
the same conditions. Water activity may be typically mea 
sured by equilibrating a small sample of a product in a sealed 
container and determining the relative humidity of a head 
space. If the sample and the headspace are in thermal and 
vapor equilibrium, the humidity of the headspace may be 
equal to the Water activity of the sample. Knowledge of Water 
activity may be critical in determining the safety of a variety 
of shelf-stable foods. If a product has a Water activity less than 
or equal to approximately 0.85, the product may not support 
the groWth of pathogenic bacteria, regardless of the Water 
content of the product. 

Measuring apparatus 20 may include a chamber 22. A 
sensor 24 may be con?gured to measure Water activity Within 
chamber 22. Sensor 24 may be positioned Within chamber 22. 
In some embodiments, sensor 24 may be located external to 
chamber 22 in a position that alloWs sensor 24 to measure 
Water activity Within the chamber 22. Additionally, a moisture 
content adjustment device 30 may be connected to chamber 
22 by chamber inlet 32. According to at least one embodi 
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6 
ment, chamber 22 may also include a Weighing device 26. In 
at least one embodiment, chamber 22 may have a chamber 
outlet 34. 
As illustrated in FIG. 1, chamber 22 may comprise a space 

Which may be at least partially enclosed. Chamber 22 may be 
opened to receive a sample Within chamber 22. Chamber 22 
may be formed of any suitable material. As embodiments 
discussed herein illustrate, chamber 22 may be various 
shapes, siZes, and con?gurations. In at least one embodiment, 
chamber 22 may be formed to a shape, siZe, and con?guration 
suitable for receiving and at least partially enclosing a food 
sample. According to some embodiments, the sample may be 
a soil sample, a pharmaceutical product, a consumer product, 
or any other suitable type of sample. In an exemplary embodi 
ment, chamber inlet stream 32 may introduce a vapor com 
position, a gas composition, and/or any other suitable mate 
rial into chamber 22. Chamber 22 may also include a chamber 
outlet 34, Which may alloW any vapors introduced or pro 
duced in chamber 22 to be evacuated from chamber 22. 

Moisture content adjustment device 30 may include a 
device con?gured to increase or decrease the overall moisture 
content present in chamber 22. For example, moisture content 
adjustment device 30 may include a device Which produces a 
humidi?ed gas, a device Which increases the humidity of 
chamber 22 through evaporation, a device Which produces a 
dry gas, and/or any other suitable device for adjusting mois 
ture content in chamber 22. 
A Weighing device 26 may be located at least partially 

Within chamber 22, as shoWn in FIG. 1. Alternatively, Weigh 
ing device 26 may be located external to chamber 22. In an 
example Where Weighing device 26 is external to chamber 22, 
Weighing device may be coupled to chamber 22 in such a 
manner that the Weight of the chamber contents may be deter 
mined. Weighing device 26 may include scales, balances, or 
any other device capable of determining a sample Weight. In 
certain embodiments, a Weighing device 26 may include 
magnetic force balance. 

Sensor 24, Which may measure Water activity Within cham 
ber 22, may be positioned Within chamber 22, or alternatively, 
sensor 24 may be located external to chamber 22. Sensor 24 
may include a Water activity sensor, a humidity sensor, a deW 
point sensor, an optical sensor, a sensor adapted to detect 
spectral data, or any other sensor suitable for determining 
Water activity. In particular, sensor 24 may be a chilled mirror 
deW point sensor, a hair hygrometer, a polymer hygrometer, 
an electric hygrometer, or a spectral detector. 

FIG. 2 illustrates at least one embodiment of chamber 22. 
Chamber 22 may include a sensor 24 Which may measure 
Water activity of a sample in chamber 22. As illustrated in 
FIG. 2, sensor 24 may be positioned inside chamber 22. In an 
exemplary embodiment, sensor 24 may be a chilled mirror 
deW point sensor Which includes a thermo-electric cooler 36, 
a mirror 38 attached to the thermo-electric cooler 38, and an 
optical sensor 40. Thermo-electric cooler 36 may be a so 
called Peltier cooler or any cooler suitable for use in sensor 
24. A thermo-electric cooler 36 may cool mirror 38 until deW, 
or condensation, forms on the surface of mirror 38, and may 
subsequently heat mirror 38 until the deW formed on the 
surface of mirror 38 disappears. The optical sensor 40 may be 
positioned to detect a change in condensation on the mirror. 
More particularly, the optical sensor 40 may detect a forma 
tion or dissipation of deW on the surface of mirror 38. A 
temperature sensor may be coupled to the mirror to detect the 
temperature of the mirror as the deW is formed or dissipated. 
A precise deW point temperature may be obtained by forming 
and dissipating deW from the surface of mirror 38 and detect 
ing the temperature at Which the deW is initially formed and 
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initially dissipated. An accurate Water activity measure may 
be obtained from the deW point temperature measured by 
sensor 24. In some cases the Water activity obtained by a 
chilled mirror deW point sensor may be accurate to 10.003 aW 
(Water activity). Sensor 24 may also include a temperature 
sensor 39 for measuring a temperature of the sample. Tem 
perature sensor 39 may be an infrared sensor, a therrnopile, or 
any other suitable type of temperature sensor. 
A circulating device 41 may additionally be positioned 

Within chamber 22. The circulating device 41 may be a fan, 
pump, or any suitable device for moving or circulating air 
Within chamber 22. Circulating air Within chamber 22 may 
decrease the time required to reach an equilibrium in chamber 
22 suitable for obtaining a Water activity measurement using 
sensor 24. Circulating air Within chamber 22 may also 
increase the accuracy of a measurement obtained by the sen 
sor 24. 

FIGS. 3A and 3B illustrate exemplary embodiments of 
moisture content adjustment device 30. In FIG. 3A, moisture 
content adjustment device 30 may include a pump 42, a pump 
inlet 44, a pump outlet 46, a humidi?cation device 48, and a 
humidi?cation device outlet 54. Pump 42 may be a positive 
displacement pump, a diaphragm pump, or any type of pump 
suitable for moving a gas mixture. Humidi?cation device 48 
may include a Water bath 50 that contains Water. In at least one 
embodiment, humidi?cation device 48 may be connected to 
an end of pump outlet 46 that is opposite an end connected to 
pump 42. Pump outlet 46 may be connected to a loWerportion 
of Water bath 50 in humidi?cation device 48. Humidi?cation 
device 48 may produce a humidi?ed gas mixture by receiving 
a gas mixture from pump outlet 46 and causing the gas mix 
ture to increase in humidity as it passes from pump outlet 46 
through the Water in Water bath 50. Humidi?cation device 
outlet 54 may be connected to humidi?cation device 48 to 
output the humidi?ed gas mixture from the humidi?cation 
device 48. 

In at least an additional embodiment shoWn in FIG. 3B, 
moisture content adjustment device 30 may include a pump 
42, a pump inlet 44, a pump outlet 46, a desiccation device 56, 
and a desiccation device outlet 60. Pump 42 may be a positive 
displacement pump, a diaphragm pump, or any type of pump 
suitable for moving a gas mixture. Desiccation device 56 may 
be a gas drying unit containing a desiccant material or any 
drying device capable of removing moisture from a gas mix 
ture. Desiccation device 56 may contain a desiccant material 
58 having a visual indicator that may change color When the 
desiccant material 58 declines in desiccation activity. Desic 
cation device 56 may produce a dry gas mixture by receiving 
a gas mixture from pump outlet 46 and causing the gas mix 
ture to decrease in humidity as it passes from pump outlet 46 
through desiccant material 58 in desiccation device 56. Des 
iccation device outlet 60 may be connected to desiccation 
device 56 to output the dry gas mixture from the desiccation 
device 56. 

FIG. 4 shoWs an exemplary embodiment of moisture con 
tent adjustment device 30 Which includes a humidi?cation 
device and a desiccation device. Moisture content adjustment 
device 30 may include a pump 42, a pump inlet 44, a pump 
outlet 46, a moisture content adjustment valve 62, a humidi 
?cation device 48, a humidi?cation device inlet 66, a humidi 
?cation device outlet 54, a desiccation device 56, a desicca 
tion device inlet 68, and a desiccation device outlet 60. As 
described above With reference to the exemplary embodiment 
illustrated in FIG. 3A, humidi?cation device 48 may include 
a Water bath 50 containing Water. Additionally, as described 
above With reference to the exemplary embodiment illus 
trated in FIG. 3B, desiccation device 56 may include a des 
iccant material 58. In at least one embodiment, as illustrated 
in FIG. 4, moisture content adjustment valve 62 may be a 
valve or any device suitable for controlling a How of gas from 
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pump 42 to humidi?cation device 48 and/or desiccation 
device 56. Moisture content adjustment valve 62 may alloW 
delivery of humidi?ed gas and dry gas to sample chamber 22. 

In at least one embodiment, chamber outlet 34 may be 
connected to a chamber outlet valve 64, as illustrated in FIG. 
4. Chamber outlet valve 64 may be a valve or any device 
suitable for controlling a How of gas betWeen chamber 22 and 
a region external to chamber 22. The chamber outlet valve 64 
may alloW or restrict a How of gas from chamber 22. In an 
exemplary embodiment, the chamber outlet valve 64 may 
prevent exchange of gas betWeen chamber 22 and a region 
external to chamber 22 When a Water activity measurement is 
being obtained by sensor 24 in chamber 22. Alternatively, the 
chamber outlet valve 64 may alloW exchange of gas betWeen 
chamber 22 and a region external to chamber 22 When a 
moisture content in chamber 22 is being adjusted. 

FIGS. 5 and 6 are perspective vieWs shoWing additional 
embodiments of the invention. As illustrated in FIG. 5 and 6, 
a measuring apparatus 20 may include a moisture content 
adjustment device 30 (see, for example, FIG. 4) and a cham 
ber 22 . As detailed above, moisture content adjustment device 
30 may include a pump 42, a pump inlet 44, a pump outlet 46, 
a moisture content adjustment valve 62, a humidi?cation 
device 48, a humidi?cation device inlet 66, a humidi?cation 
device outlet 54, a desiccation device 56, desiccation device 
inlet 68, and desiccation device outlet 60. Pump 42 may 
include a diaphragm pump Which may pump air received 
from pump inlet 44. Pump inlet 44 may be a noZZle on pump 
42 Which is open to an air supply external to pump 42. Pump 
outlet 46 may be a portion of tubing connected to pump 42 
and valve 62. 

Air pumped from pump outlet 46 to moisture content 
adjustment valve 62 may be directed to How through humidi 
?cation device inlet 66 to humidi?cation device 48 or through 
desiccation device inlet 68 to desiccation device 56. Desic 
cation device inlet 68 may be a portion of tubing connected to 
valve 62 and to desiccation device 56. Desiccation device 68 
may be a gas drying unit containing a desiccant material 58. 
Desiccant material 58 may comprise a visual indicator Which 
may change color When the desiccant material 58 declines in 
desiccation activity. Desiccation device outlet 60 may be a 
portion of tubing connected to desiccation device 68 and 
chamber 22. Humidi?cation device inlet 66 may be a portion 
of tubing connected to valve 62 and to humidi?cation device 
48. Humidi?cation device 48 may include a Water bath 50 
Which contains Water. Humidi?cation device inlet 66 may be 
connected to a loWer portion of Water bath 50 in humidi?ca 
tion device 48. Humidi?cation device 48 may produce a 
humidi?ed gas mixture by receiving a gas mixture from pump 
outlet 46 and causing the gas mixture to increase in humidity 
as it passes from pump outlet 46 through the Water in Water 
bath 50, the gas mixture becoming substantially saturated 
With moisture as it passes through Water bath 50. Humidi? 
cation device outlet 54 may be a portion of tubing connected 
to humidi?cation device 48 and chamber 22. 
As illustrated in FIGS. 5 and 6, chamber 22 may be opened 

to receive a sample Within chamber 22. Chamber 22 may 
additionally include a chamber outlet 34, Which may alloW 
any vapors introduced or produced in chamber 22 to be evacu 
ated from the chamber (see, for example, FIG. 1). Chamber 
22 may be formed in any shape, siZe, and con?guration suit 
able for receiving and at least partially enclosing a food 
sample. According to some embodiments, the sample may be 
a soil sample, a pharmaceutical product, a consumer product, 
or any other suitable type of sample. In an exemplary embodi 
ment, as shoWn in FIGS. 5 and 6, chamber 22 may comprise 
a chamber top portion 74 and a chamber bottom portion 76 
Which may be separated to introduce the sample into chamber 
22. The chamber top portion 74 and chamber bottom portion 
76 may be positioned to at least partially enclose the sample 
in chamber 22. In at least an additional embodiment, the 



US 7,806,585 B2 

chamber top portion 74 and chamber bottom portion 76 may 
be coupled by a hinge structure. 

Chamber 22 may additionally include a sensor 24 Which 
may be a chilled mirror deW point sensor (see, for example, 
FIG. 2). The sensor may measure the Water activity of a 
sample in chamber 22. As illustrated in FIGS. 5 and 6, sensor 
24 may be at least partially positioned inside chamber 22. 
Chamber 22 may also include a Weighing device 26 Which 
may be a magnetic force balance (see, for example, FIG. 1). 
Chamber 22 may additionally include a circulating device 41 
Which may be a fan (see, for example, FIG. 2). Chamber 22 
and humidi?er 30 may be positioned in the same thermal 
environments to keep them at similar temperatures. 
As illustrated in FIG. 6, a housing 70 may at least partially 

enclose and protect measuring apparatus 20. Housing 70 may 
also help maintain substantially constant temperature Within 
measuring apparatus 20, particularly chamber 22. As further 
illustrated in FIG. 6, measuring apparatus 20 may also 
include heating/ cooling elements 72 coupled to chamber 22. 
Heating/cooling elements 72 may maintain chamber 22 at a 
substantially constant temperature. Heating/cooling ele 
ments 72 may be any device or combination of devices suit 
able for maintaining a substantially constant temperature in 
chamber 22. In at least an additional embodiment, heating/ 
cooling elements 72 may be con?gured to contact and heat or 
cool a gas supplied by moisture content adjustment device 30 
prior to the gas reaching chamber 22. 

FIG. 7 shoWs a moisture sorption isotherm graph generated 
from data obtained by at least one embodiment of a measuring 
apparatus 20. The data in FIG. 7 Was obtained by measuring 
a sample of microcrystalline cellulose in measuring apparatus 
20. The moisture content of the sample of microcrystalline 
cellulose Was adjusted by measuring apparatus 20. In particu 
lar, moisture content Was removed from chamber 22 of mea 
suring apparatus 20 to obtain data used to generate a ?rst 
portion of the moisture sorption isotherm graph shoWn in 
FIG. 7. Additionally, moisture content Was added to chamber 
22 of measuring apparatus 20 to obtain data to generate a 
second portion of the isotherm moisture sorption graph 
shoWn in FIG. 7. The graph in FIG. 7 shoWs the moisture 
sorption isotherm data points in terms of sample Weight (in 
mg), and Water activity. 

The preceding description has been provided to enable 
others skilled in the art to best utiliZe the invention in various 
embodiments and aspects and With various modi?cations as 
are suited to the particular use contemplated. This exemplary 
description is not intended to be exhaustive or to limit the 
invention to any precise form disclosed. Many modi?cations 
and variations in the form and details are possible Without 
departing from the spirit and scope of the invention. In addi 
tion, for ease of use, the Words “including” and “having,” as 
used in the speci?cation and claims, are interchangeable With 
and have the same meaning as the Word “comprising.” It is 
intended that the scope of the invention be de?ned by the 
folloWing claims. 
What is claimed is: 
1. A measurement apparatus comprising: 
a chamber; 
a sensor con?gured to measure Water activity inside of a 

sample in the chamber; 
a moisture content adjustment device connected to the 

chamber and con?gured to change moisture content in 
the chamber. 

2. The apparatus of claim 1, further comprising a Weighing 
device coupled to the chamber. 

3. The apparatus of claim 2, further comprising an isotherm 
generation module con?gured to receive measurements from 
the sensor device and the Weighing device, the isotherm gen 
eration module being con?gured to generate an isotherm for 
a sample positioned in the chamber. 
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4. The apparatus of claim 3, Wherein the isotherm genera 

tion module generates the isotherm by compiling a plurality 
of data points, each data point in the plurality of data points 
representing a measurement received from the sensor device 
and a measurement received from the Weighing device. 

5. The apparatus of claim 2, Wherein the Weighing device 
comprises at least one of: 

a scale coupled to the chamber; 
a balance coupled to the chamber. 
6. The apparatus of claim 5, Wherein the balance comprises 

a magnetic force balance. 
7. The apparatus of claim 2, Wherein at least a portion of the 

Weighing device is positioned Within the chamber. 
8. The apparatus of claim 1, further comprising a fan posi 

tioned Within the chamber. 
9. The apparatus of claim 1, further comprising at least one 

of: 
a heating element coupled to the chamber; 
a cooling element coupled to the chamber. 
10. The apparatus of claim 1, further comprising at least 

one of: 

a heating element con?gured to heat gas supplied by the 
moisture content adjustment device; 

a cooling element con?gured to cool gas supplied by the 
moisture content adjustment device. 

11. The apparatus of claim 1, further comprising a valve 
con?gured to control passage of air betWeen the chamber and 
a region external to the chamber. 

12. The apparatus of claim 1, Wherein the moisture content 
adjustment device comprises a humidi?cation device. 

13. The apparatus of claim 1, Wherein the moisture content 
adjustment device comprises a desiccation device. 

14. The apparatus of claim 1, Wherein the moisture content 
adjustment device comprises: 

a gas supply; 
a pump con?gured to supply gas from the gas supply to the 

chamber. 
15. The apparatus of claim 14, Wherein the moisture con 

tent adjustment device further comprises: 
a humidi?cation device; 
a desiccation device; 
a valve con?gured to deliver gas from the pump to at least 

one of: 

the humidi?cation device; 
the desiccation device. 

16. The apparatus of claim 1, Wherein the sensor comprises 
at least one of: 

a Water activity sensor; 
a humidity sensor; 
a deW point sensor; and 
an optical sensor. 
17. The apparatus of claim 16, Wherein the sensor com 

prises a chilled-mirror deW point sensor positioned Within the 
chamber. 

18. A method comprising: 
determining a ?rst Water activity measurement of a sample 

in a chamber during a ?rst time period; 
determining a ?rst Weight of the sample in the chamber 

during the ?rst time period; 
changing moisture content in the chamber during a second 

time period, the second time period being after the ?rst 
time period; 

determining a second Water activity measurement of the 
sample during a third time period, the third time period 
being after the second time period; 

determining a second Weight of the sample during the third 
time period. 
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19. The method of claim 18, further comprising: 
changing the moisture content in the chamber during a 

fourth time period, the fourth time period being after the 
third time period; 

determining a third Water activity measurement of the 
sample during a ?fth time period, the ?fth time period 
being after the fourth time period; 

determining a third Weight of the sample during the ?fth 
time period. 

20. The method of claim 18, further comprising preventing 
a change in moisture content in the chamber during at least 
one: 

determining the ?rst Water activity measurement of the 
sample in the chamber during the ?rst time period; 

determining the ?rst Weight of the sample in the chamber 
during the ?rst time period. 

21. The method of claim 18, further comprising at least one 
of: 

heating the chamber to Within a speci?ed temperature 
range; 

cooling the chamber to Within a speci?ed temperature 
range. 

22. The method of claim 18, further comprising: 
circulating air Within the chamber during at least one of: 
determining the ?rst Water activity measurement of the 

sample in the chamber during the ?rst time period; 
determining the second Water activity measurement of the 

sample in the chamber during the second time period. 
23. The method of claim 18, Wherein determining the ?rst 

Water activity measurement of the sample is performed at 
least substantially simultaneously With determining the ?rst 
Weight of the sample. 

24. The method of claim 18, Wherein determining the ?rst 
Water activity measurement is performed While the sample is 
positioned on a balance in the chamber. 

25. The method of claim 18, Wherein changing the mois 
ture content in the chamber comprises at least one of: 

adding moisture to the chamber; 
removing moisture from the chamber. 
26. The method of claim 25, Wherein changing the mois 

ture content in the chamber comprises supplying a gas and 
vapor mixture to the chamber. 

27. A computer-implemented method for generating an 
isotherm, the computer-implemented method comprising: 

determining a ?rst Water activity measurement of a sample 
during a ?rst measuring period, the ?rst Water activity 
measurement being determined With a Water activity 
sensor; 

determining a ?rst Weight of the sample during the ?rst 
measuring period, the sample being positioned in a 
chamber during the ?rst measuring period; 

determining a ?rst isotherm data point based on the ?rst 
Water activity measurement of the sample and the ?rst 
Weight of the sample. 

28. The computer-implemented method of claim 27, fur 
ther comprising changing moisture content in the chamber 
after the ?rst measuring period and before a second measur 
ing period. 

29. The method of claim 28, Wherein changing the mois 
ture content in the chamber comprises at least one of: 

adding moisture to the chamber; 
removing moisture from the chamber; 
controlling a temperature of the chamber and sample. 
30. The method of claim 27, further comprising: 
adding moisture content to the chamber after the ?rst mea 

suring period and before a second measuring period; 
removing moisture content from the chamber after the 

second measuring period and before a third measuring 
period. 
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31. The method of claim 27, Wherein determining the ?rst 

Water activity measurement of the sample is performed at 
least substantially simultaneously With determining the ?rst 
Weight of the sample. 

32. The method of claim 27, Wherein determining the ?rst 
Water activity measurement is performed While the sample is 
positioned on a balance in the chamber. 

33. The method of claim 27, further comprising: 
determining a hydration curve of an isotherm based on a 

plurality of Water activity measurements of the sample 
and a plurality of Weights of the sample, Wherein: 
the plurality of Water activity measurements comprises 

the ?rst Water activity measurement; 
the plurality of Weights comprises the ?rst Weight; 
each Water activity measurement in the plurality of Water 

activity measurements is determined While the 
sample is in the chamber; 

each Weight in the plurality of Weights is determined 
While the sample is in the chamber. 

34. An isotherm generator comprising: 
a chamber; 
a sensor con?gured to measure Water activity of a sample in 

the chamber; 
a moisture content adjustment device connected to the 

chamber and con?gured to change moisture content in 
the chamber; 

a Weighing device coupled to the chamber and con?gured 
to Weigh the sample in the chamber; 

an isotherm generation module con?gured to receive Water 
activity measurements from the sensor device and 
Weight measurements from the Weighing device, the 
isotherm generation module being con?gured to gener 
ate an isotherm for the sample, the isotherm being based 
on the Water activity measurements and the Weight mea 
surements. 

35. The isotherm generator of claim 34, Wherein the Weigh 
ing device comprises a magnetic force balance. 

36. The isotherm generator of claim 34, Wherein the sensor 
device comprises a chilled-mirror deW point sensor. 

37. The isotherm generator of claim 34, Wherein the sample 
comprises at least one of: 

a food product; 
a soil sample; 
a pharmaceutical product; 
a consumer product. 

38. The isotherm generator of claim 34, further compris 
ing: 

a gas supply; 
a pump con?gured to pump gas from the gas supply to the 

chamber. 
39. The isotherm generator of claim 34, Wherein the mois 

ture content adjustment device further comprises: 
a humidi?cation device; 
a desiccation device; 
a valve con?gured to deliver gas from the pump to at least 

one of: 

the humidi?cation device; 
the desiccation device. 

40. The isotherm generator of claim 34, further compris 
ing: 

a heating device, the hearing device being con?gured to 
control a temperature of the chamber; 

a cooling device, the cooling device being con?gured to 
control a temperature of the chamber. 


